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ABSTRACT: Sand Soil is one of the materials which can commonly be found in the nature. Sand Soil is also used as 
alternative material for reinforcement on the soil which has low bearing capacity in which that constructions such as 
building or embankment cannot be built above it. The sand soil may possess good characteristics such as high bearing 
capacity and minimum potential of settlement provided that it is dense; this can be utilized as an innovation on 
minimalizing soil settlement and deformation as uniform settlement. As the development of technology is progressing, 
particularly on the field of geotechnics, the method of soil reinforcement has been improving dramatically in the last 
decades. It has employed both conventional and other types of material. To investigate the efficacy of continuous soil 
cement column barrier to reduce the soil settlement, Finite Element Method is used. The result of this experiment in 
small-scale model indicates that the reinforcement using continuous soil cement column barrier is really effective to 
support the embankment constructed above the soil. During the loading process, the soil only experienced very small 
deformation. Meanwhile, continuous soil cement column barrier has provided significant support to bear the vertical 
load which is given during the experiment. 
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INTRODUCTION 
The increasing trend of constructing road 
embankment above soil which has inadequate bearing 
capacity (soft soil) has caused huge settlement and 
lateral displacement. There are numerous methods which 
have been developed to solve the existing problems 
caused by the road construction built above soft soil. In 
the usage of continuous soil cement column barrier, the 
initial soft soil which has characteristics as soft and 
compressible if it is loaded, it will be getting stronger 
and the amount of settlement will be decreasing. Several 
researches had been done in the past such as Model test 
on granular soil columns for ground improvement of 
very soft soil by (F. Rackwitz dan M. Schubler, 2010). 
The research uses granular column which is installed 
inside organic soil in order to reinforce the soil and in its 
laboratory model testing, vertical load is applied. This 
testing is conducted to measure the shear strength, 
vertical deformation, water pore pressure and soil 
strength after and before the installment of granular 
column. From this research it can be obtained that the 
ratio of vertical strain which is measured by oedometer 
on the stress of 25 kPA is 35% without the installment of 
granular column and 17.5% with the installment of 
granular column, it is also found the settlement of 50%. 
Predominantly, the settlement occurs in the depth of 2 
and half of column diameter. Reinforced granular 
column for deep soil stabilization by (Tandel Y.K, 
Solanki C.H and Desai A.K, 2012), in this research 
granular column is contained by geo-synthetics and is 
installed in the stabilized soil. Based on this research, it 
is inferred that granular column with small diameter 
performs better that those with big diameter because the 
internal pressure inside the column is lower, ultimate 
load capacity of column increase as its stiffness is 
increasing too, granular column wrapped by geo-
synthetics can minimize the settlement up to 50% from 
the ground which is not reinforced by granular column, 
ultimate load capacity of granular column which is 
reinforced by geo-synthetics can increase up to 2 to 3 
times from those without reinforcement of granular 
column and also theoretical analysis as well as result of 
model testing has produced the fact that granular column 
with the containment of geo-synthetics is effective for 
soil improvement. Settlement evaluation of soft clay 
reinforced by stone columns, considering the effect of 
soil compaction oleh (A. Zahmatkesh and A. J. 
Choobbasti, 2010), in this research, PLAXIS software is 
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employed to analyze the settlement of soft ground using 
Mohr-Coulomb as its criteria such as soft ground, sand 
and rock. The result of this research is the stress 
variation inside the soft soil is dramatically decrease 
after the installment of column with certain distance, the 
loading behavior with area of model almost linier and 
soil stiffness is increase, the pressure only give small 
influence because its vertical stress has almost linier 
relations and the stress of stone column on high 
elevation due to existing friction is significantly 
minimize its settlement. Efficacy of Raft and Pile 
Foundation in Reducing Soil Settlement Using 
Numerical Method (Tri Harianto, Lawalenna Samang 
and Achmad Zubair), the design of Raft and Pile is 
introduced in this study to reduce soil settlement. Finite 
Element Method is used to investigate the efficacy of 
raft and pile foundation to reduce soil settlement, 
particularly on the road pavement constructed above peat 
soil. Afterwards, numerical model is used to analyze the 
type and the depth of foundation which is installed in the 
field. Consequently, Soil deformation and settlement is 
analyzed in this research to determine the efficacy and 
the possibility of the model application in the field. The 
result of finite element method indicates that the raft and 
pile foundation is significantly decreasing the settlement 
in the body of road pavement due to load in the surface. 
The deformation which is occurred in the body of road 
without reinforcement reaches 0.553 m, with 
reinforcement of 3 m is 0.246 m and with reinforcement 
of 5 m is 0.225 m. Sandy-cement soil is used in this 
research with continuous column barrier method. This 
type of reinforcement is expected to reduce the 
settlement as well as lateral displacement due to road 
load. In the effort to test the efficacy of reinforcement of 
continuous sand-cement column barrier, numerical 
analysis is used in form of finite element method. Scale 
model in testing bucket is tested in this research to 
validate the efficacy of continuous sand-cement column 
barrier. 
 
METHODOLOGY 
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Figure 1. The testing model reinforcement by continuous 
sand-cement column barrier (a) without reinforcement, 
(b) reinforcement with 10 cm depth, (c) reinforcement 
with 20 cm depth , (d) reinforcement with 40 cm depth. 
 
In this research uses experimental method in which it 
is started by collecting data pertaining to the 
characteristic of sandy clay and sand as reinforcement 
material. The examination covers the test of index and 
mechanical properties. Clay soil which is used in this 
research comes from native soil located in Tamalanrea, 
Makassar City and sandy soil which is used in this 
research comes from Bili-Bili River, Gowa City. In the 
test of index and mechanical properties of soil, standard 
of SNI and ASTM is employed. During the testing of 
laboratory, the testing is conducted in 4 type of testing 
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model with the variation on the depth of sand-cement, as 
it is shown in Figure 1. 
The first step in this examination is filling the 
container with soil up to the height of 60 cm, clay is 
selected for embankment, which is modeled as 
embankment with height of 30 cm with ratio of 1:1 
without reinforcement. Bearing plat is put on the surface 
of embankment and afterwards, it will be loaded using 
hydraulic jack. Dial gauge (6 pieces) and are located in 
certain positions. The first dial is located exactly above 
bearing plat to cast the settlement; the second one is 
located in the edge of embankment to analyze the 
deformation which is occurring in the edge of 
embankment; the other dials are located in the edge of 
embankment with the distance of 25 cm, 50 cm, 75 cm 
and 100 cm to measure the deformation. After the testing 
without the reinforcement of continuous sand-cement 
column barrier, the embankment is removed and the soil 
is kept to maintain its water content, afterwards the soil 
within the container is filled again and compacted and 
the continuous sand-cement column barrier is installed 
according to the planned model. Clay soil is used as 
embankment soil which is modeled as road embankment 
with the height of 30 cm with ratio of 1:1 with 
reinforcement. Bearing plat is put on the surface of 
embankment and afterwards, it will be loaded using 
hydraulic jack. Dial gauge and are located in certain 
positions. The first dial is located exactly above bearing 
plat to cast the settlement; the second one is located in 
the edge of embankment to analyze the deformation 
which is occurring in the edge of embankment; the other 
dials are located in the edge of embankment with the 
distance of 25 cm, 50 cm, 75 cm and 100 cm to measure 
the deformation. 
 
RESULT AND DISCUSSION 
 
The Result of Index and Mechanical Properties Test  
The result of testing of clay soil which is taken 
from Tamalanrea, Makassar is available in the Table 1 
 
The Result of Index and Mechanical Properties Test 
of Sandy-Cement 
The result of testing of clay soil which is taken 
from Tamalanrea, Makassar is available in the Table 2 
 
The Result of Laboratory Model Testing of 
Reinforcement by Continuous Sand-Cement Column 
Barrier 
The result of model testing is available in Figure 2. 
 
 
 
Table 1. Index and Mechanical Properties Test 
Type of Examination  Result  
Native soil testing characteristic 
  
Water content (w) 
 
43.40 % 
Specific gravity  (gs) 2.70 
 
Examination sieve analysis 
  
a. Fine grained 57.50 % 
b. Coarse grained 42.50 % 
Atterberg 
 
  
a. Liquid limit (ll) 45.97 % 
b. Plastic limit (pl) 31.54 % 
c. Plastic index (pi) 14.42 % 
d. Shrinkage limit (sl) 16.47 % 
Weight of contents 
 
1.66 gram/cm³ 
Standard compaction 
  
a. 
Maximum dry density, d 
(MDD) 
1.33 gram/cm³ 
b. 
Optimum moisture content 
(MOC) 
36.00 % 
Mechanical properties testing soil association 
Basic land fill weight density,  1.44 gram/cm³ 
Unconfined 
  
A. qu 
 
0.22 Kg/cm² 
B. Modulus elasticity 2000.00 kN/m² 
Direct shear 
  
a. Cohesion (c) 0.06 Kg/cm² 
b. In the slide angle (ø) 11.31 ° 
Mechanical properties testing soil embankment 
 
Soil embankment fill weight density,  1.66 gram/cm³ 
Unconfinet 
  
a. qu 
 
2.25 Kg/cm² 
b. Modulus elasticity 5555.56 kN/m² 
Direct shear 
  
a. Cohesion (c) 0.19 Kg/cm² 
b. In the slide angle (ø) 11.31 ° 
 
Table 2. Index and Mechanical Properties Test of Sandy-
Cement 
Type of Examination  Result  
Water content (w) 28.32 %                   
Specific gravity  (gs) 2.66 
 
Examination sieve analysis 
  
a. Fine grained sand 5.00 % 
b. Medium grained sand 35.00 % 
c. Coarse grained sand 60.00 % 
Standard compaction 
  
a. 
Maximum dry density, d  
(MDD) 
1.70 gram/cm³ 
b. 
Optimum moisture content 
(OMC) 
10.25 % 
Unconfined 
  
a. qu 1.00 Kg/cm² 
b. Modulus elasticity 10000.00 kN/m² 
Direct shear 
  
a. Cohesion ( c ) 0.16 Kg/cm² 
b. In the slide angle ( ø ) 38.44 ° 
 
Based on the result of model testing, it is gained that 
the soil without the reinforcement experiences bigger 
settlement up to 49.80 mm with ultimate load on the 
embankment of 32.5 kN. The second testing using 
reinforcement of continuous sand-cement column barrier 
with the depth of 10 cm indicates the settlement of 46.35 
mm with ultimate load on the embankment of 35 kN. 
The third testing using reinforcement of continuous 
sand-cement column barrier with the depth of 20 cm 
indicates the settlement of 45.15 mm with ultimate load 
on the embankment of 42.5 kN. The last testing using 
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reinforcement of continuous sand-cement column barrier 
with the depth of 40 cm indicates the settlement of 46.60 
mm with ultimate load on the embankment of 50 kN. 
The result can be interpreted that the embankment 
without reinforcement when it is loaded before trial 
embankment experiences the failure of 32.5 kN and 
settlement of 16.6% from the initial height of 
embankment. Whereas, the sample with the 
reinforcement of continuous sand-cement column barrier 
with the depth of 10 cm indicates the settlement of 
15.15% from the initial height of embankment, the 
sample with the reinforcement of continuous sand-
cement column barrier with the depth of 20 cm indicates 
the settlement of 12.92% from the initial height of 
embankment, the sample with the reinforcement of 
continuous sand-cement column barrier with the depth of 
40 cm with the same amount of load indicates the 
settlement of 12.28% from the initial height of 
embankment. By using the reinforcement of continuous 
sand-cement column barrier with the depth of 10 cm, 20 
cm and 40 cm can reach the ultimate load of 35 kN, 42.5 
kN, and 50 kN. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. The graph on the result of laboratory model 
testing, the relationship between load and settlement. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. The graph on the result of numerical model 
using PLAXIS, the relationship between load and 
settlement.  
The Result of Numerical Analysis Model Using 
Reinforcement of Continuous Sand-Cement Column 
Barrier 
 
The relation between load and displacement which is 
occurred in each of sample of numerical analysis model 
using PLAXIS 2D can be seen in Figure 3. 
 
The result of PLAXIS analysis indicates that four 
illustrations which describes the pattern element of 
ground settlement shows considerably high settlement 
especially on the road embankment which is not 
reinforced by continuous sand-cement column barrier 
with the settlement of 47.66 mm with ultimate load of 
32.55 kN.  The road embankment using reinforcement of 
continuous sand-cement column barrier with the depth of 
10 cm indicates the settlement of 43.86 mm with 
ultimate load on the embankment of 35.10 kN. The road 
embankment using reinforcement of continuous sand-
cement column barrier with the depth of 20 cm indicates 
the settlement of 43.38 mm with ultimate load on the 
embankment of 42.55 kN. The road embankment using 
reinforcement of continuous sand-cement column barrier 
with the depth of 40 cm indicates the settlement of 
43.83mm with ultimate load on the embankment of 
50.37 kN. 
 
The Pattern of Depth of Testing Towards 
Embankment Settlement and Ground Deformation 
In the Table 3 shows the the result of model testing 
on each of depth variation with the embankment 
settlement and ground deformation using the load of 10 
kN, 20 kN and 30 kN. 
 
Table 3. The relationship of the depth towards 
embankment settlement and soil deformation. 
Model Test Settlement (mm) 
Ground deformation 
base (mm) 
Testing 
depth 
(cm) 
Load 
10 kN 
Load 
20 kN 
Load 
30 kN 
Load 
10 
kN 
Load 
20 kN 
Load 
30 kN 
without 
Reinforce
ment 
0 
-
36.15 
-
40.70 
-
46.75 
0.40 1.1 3.9 
Reinforce
ment depth 
of 10 cm 
10 
-
34.45 
-
38.20 
-
44.10 
0.30 1 3.5 
Reinforce
ment depth 
of 20 cm 
20 
-
29.15 
-
35.70 
-
38.25 
0.00 0.2 1.5 
Reinforce
ment depth 
of 40 cm 
40 
-
25.00 
-
32.65 
-
36.35 
0.00 0.20 0.90 
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From figure 4 explains that the deeper the continuous 
sand-cement column barrier is injected, the higher the 
embankment settlement and soil deformation that can be 
minimized. Based on the Table above it can predicted 
the percentage of settlement reduction and soil 
deformation towards the examination without 
reinforcement on the maximum load of 30 kN, where the 
test of the continuous sand-cement column barrier is 
injected with the depth of 10 cm. It is casted there is 
settlement of 5.67% and soil deformation of 10.26%. 
The reinforcement of continuous sand-cement column 
barrier with the depth of 20 cm indicates the settlement 
of 18.18% with soil deformation of 61.54%. The 
reinforcement of continuous sand-cement column barrier 
with the depth of 40 cm indicates the settlement of 
22.25% with soil deformation of 76.92%. 
 
 
Validity of The Result of Laboratory Testing and 
PLAXIS Numerical Analysis  
Figure 5 indicates the result of model testing in 
laboratory and PLAXIS analysis using continuous sand-
cement column barrier 
 
From figure 5 it can be seen the comparison between 
the result of laboratory test and PLAXIS numerical 
analysis. On the sample without reinforcement shows the 
difference in the area of 2.14 when it is loaded reaches 
32.5 kN. However, on the laboratory test where the road 
embankment is reinforced with continuous sand-cement 
column barrier with the depth variation of 10 cm, 20 cm 
and 40cm produce following result: 
a. Reinforcement using continuous sand-cement 
column barrier with depth of 10 cm shows the 
difference of settlement in the area 2.50 mm with the 
loading of 35 kN. 
b. Reinforcement using continuous sand-cement 
column barrier with depth of 20 cm shows the 
difference of settlement in the area 1.77 mm with the 
loading of 42.5 kN. 
c. Reinforcement using continuous sand-cement 
column barrier with depth of 10 cm shows the 
difference of settlement in the area 2.77 mm with the 
loading of 50 kN. 
 
From the result of examination in the laboratory and 
PLAXIS numerical analysis it can be obtained several 
datas which is shown in Table 4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. The graph on the relationship of depth towards 
embankment settlement and soil deformation. 
 
 
 
 
 
 
 
 
 
 
 
 
(a) 
 
 
 
 
 
 
 
 
 
 
 
 
(b) 
 
 
 
 
 
 
 
 
 
 
 
 
(c) 
 
-50
-40
-30
-20
-10
0
10
0 10 20 30 40
D
e
fo
rm
a
ti
o
n
i
(m
m
)
Depth testing Model (cm)
10 kN Load Decrease Patterns
20 kN Load Decrease Patterns
30 kN Load Decrease Patterns
Deformation Pattern Of 10 kN load
Deformation Pattern Of 20 kN Load
Deformation Pattern Of 30 kN load
S
et
tl
em
en
t
(m
m
)
0
5
10
15
20
25
30
35
40
45
50
55
0 5 10 15 20 25 30 35 40 45 50
S
e
tt
le
m
n
e
t 
(m
m
)
Load (kN)
Numarical Analysis
Laboratory Test
 
T. Harianto, et al. 
812 
 
 
 
 
 
 
 
 
 
 
 
 
(d) 
Figure 5. The graph of result of testing using continuous 
sand-cement column barrier (a) without reinforcement, 
(b) reinforcement with 10 cm depth, (c) reinforcement 
with 20 cm depth , (d) reinforcement with 40 cm depth. 
 
Table 4. The relationship of ultimate load towards the 
settlement on the laboratory test and PLAXIS numerical 
analysis 
Model 
Test 
Laboratory Test 
Results 
Numerical 
Analysis Results 
Differen
ce in 
ultimate 
load 
(kN) 
Settlem
ent 
differen
ce 
(mm) 
Ultim
ate 
load 
(kN) 
Settle
ment 
(mm) 
Ultimat
e load 
(kN) 
Settle
ment 
(mm) 
without 
Reinforce
ment 
32,5 49,80 32,55 47,66 0,05 2,14 
Reinforce
ment 
depth of 
10 cm 
35 46,35 35,1 43,85 0,1 2,5 
Reinforce
ment 
depth of 
20 cm 
42,5 45,15 42,55 43,38 0,05 1,35 
Reinforce
ment 
depth of 
40 cm 
50 46,60 50,37 43,83 0,37 2,77 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. The graph on the relationship of ultimate load 
towards the settlement on the laboratory test and 
PLAXIS numerical analysis 
 
 
From the comparison between the result of laboratory 
examination and numerical application, it can be seen 
that the difference between them is not that significant. 
This is assured by the graph 6 which displays only small 
difference. on the table 5 also shows insignificant 
difference between ultimate load and maximum 
settlement for both laboratory examination and 
numerical analysis. This indicates that failure pattern 
which is displayed on the element grid shows the similar 
pattern with those which is tested in laboratory. 
 
 
Slope Stability of Embankment 
From the result of estimation using PLAXIS 
numerical analysis is gained the safety factor by method 
of c-ø  reduction and also shows critical areas from 
observed slope. From the result of estimation, it is found 
the difference on the value of safety factor on each of 
embankment sample with or without reinforcement. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure. 7. The graph of safety factor from PLAXIS 
 
Table 5. The relationship on the testing model towards 
safety factor. 
Model Test 
Safety 
Factor 
Percentage SF 
Against testing 
Without 
Reinforcement 
Test Depth (cm) 
without 
Reinforcement 
0 1.26 0 
Reinforcement depth 
of 10 cm 
10 1.34 6 
Reinforcement depth 
of 20 cm 20 1.49 18 
Reinforcement depth 
of 40 cm 40 1.58 25 
 
For the sample without reinforcement has the safety 
factor of 1.26. For the sample with 10 cm depth of 
reinforcement has the safety factor of 1.34 or increase up 
to 6% from the sample without reinforcement. 
 
 
 
 
 
 
 
Experimental Study of Embankment Reinforcement Using Continuous Sand-Cement Column Barrier  
on the Deposition of Sandy Clay 
 
813 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8. The graph of safety factor from PLAXIS. 
 
For the sample with 20 cm depth of reinforcement 
has the safety factor of 1.49 or increase up to 18% from 
the sample without reinforcement. For the sample with 
40 cm depth of reinforcement has the safety factor of 
1.58 or increase up to 25% from the sample without 
reinforcement. The slope of embankment is categorized 
as “critical” however it is still deemed stable due to the 
density of embankment which reaches 90% from them 
optimum density even with the load of 32.5 kN. With the 
reinforcement of continuous sand-cement column barrier 
can increase the safety factor up to 1.58 which also 
shows the increase of slope stability. The amount of load 
which can be accommodated is up to 50 kN. 
 
CONCLUSION 
Based on the testing which has been conducted, the 
pattern of embankment settlement which is occurring 
with the reinforcement of continuous sand-cement 
column barrier shows the reduction of settlement up to 
19.78%.. Efficacy of using continuous sand-cement 
column barrier can be shown by recognizing the fact that 
the deeper the depth of reinforcement, the higher the 
value of bearing capacity and the lower the amount of 
settlement. Based on the model validation for both 
laboratory model and numerical analysis which is 
conducted using PLAXIS, it shows high similarity 
between them 
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